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LQWHUDFWLYH WHFKQRORJLHV ZHUH QRW V\QFKURQRXV LQ GHYHORSHG DQG GHYHORSLQJ FRXQWULHV UHVXOWLQJ LQ ,QGLD D PLGGOHDJHG
SRSXODWLRQ ZKR GLG QRW µJURZ XS¶ ZLWK WHFKQRORJ\ DQG ILQG H[LVWLQJ FRPSXWHU LQWHUIDFHV DQG LQWHUDFWLRQ GHYLFHV FRXQWHU
LQWXLWLYH :H LQYHVWLJDWHGKRZ WKHVHXVHUV LQWHUDFWZLWK DQ H\HJD]H WUDFNHUZKLFKKDVSRWHQWLDO WREHPRUH LQWXLWLYH WKDQ D












ZLWK DQ DOXPLQLXP SRLQWHU >@  3UHVHQW UHVHDUFK RQ GHYHORSLQJ H\H WUDFNHU LQYHVWLJDWHV RQ UHGXFLQJ WKH FRVW RI
H[LVWLQJLQIUDUHGEDVHGWUDFNHUVHJ7RELL>@RU)DFH/DE>@7UDFNHUDVZHOODVLQFUHDVLQJWKHLUDFFXUDF\>@,Q
WKLVSDSHUZHLQYHVWLJDWHGDQRYHODSSOLFDWLRQRIH\HJD]HWUDFNLQJ±XVLQJLWDVDQLQSXWPRGDOLW\IRU,QGLDQQRYLFH
XVHUV ,QWURGXFWLRQ RI LQWHUDFWLYH WHFKQRORJLHV ZDV QRW V\QFKURQRXV LQ GHYHORSHG DQG GHYHORSLQJ FRXQWULHV
,QIRUPDWLRQ DQG&RPPXQLFDWLRQ7HFKQRORJ\ ,&7 UHODWHG GLJLWDO GLYLGH KDV EHHQ DOUHDG\ LQYHVWLJDWHG LQ GHWDLO
.HQLVWRQ>@FODVVLILHGGLJLWDOGLYLGHLQWRIRXUFDWHJRULHVFRPSDULQJWKH,QGLDQFRQWH[WZLWK86$DQGVXPPDUL]HG
WHQOHVVRQVIRUVXFFHVVIXOO\GLVVHPLQDWLQJEHQHILWRI,&7LQ,QGLD6PLWKDQG'XQFNOH\>@HPSKDVL]HGWKHQHHGRI
FRUUHFW FXOWXUDOPRGHO WR LPSURYH LQWHUDFWLRQ H[SHULHQFH RI XVHUV LQ GHYHORSLQJ FRXQWULHV:DOWRQ0DUVGHQ DQG
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9XNRYLF >@ LQYHVWLJDWHG FXOWXUDO GLIIHUHQFH LQ PRUH GHWDLO IRU 6RXWK $IULFDQ VWXGHQWV DQG SRLQWHG RXW NH\
GLIIHUHQFHVLQLQWHUSUHWLQJKLHUDUFKLFDOVWUXFWXUHVDPRQJQDWLYHVWXGHQWV
,Q,QGLDUHVHDUFKRQKXPDQFRPSXWHULQWHUDFWLRQPDGHVLJQLILFDQWFRQWULEXWLRQRQGHYHORSLQJPXOWLOLQJXDOV\VWHPV
IRU ,QGLDQ ODQJXDJHV DQG YRLFH EDVHG LQWHUDFWLYH V\VWHPV 5HVHDUFKHUV LQ ,QGLD DOUHDG\ LQYHVWLJDWHG H\HJD]H
WUDFNLQJ EDVHG LQWHUIDFHV IRU WH[W W\SLQJ > @ DQG DOVR LQYHVWLJDWHG H\H JD]H SDWWHUQV RI HOGHUO\ SHRSOH >@ LQ
SDUWLFXODU GXULQJ ZHE VHDUFKLQJ >@ +RZHYHU XVLQJ H\H JD]H WUDFNHU DV D SULPDU\ LQSXW GHYLFH IRU HYHU\GD\
FRPSXWLQJWDVNVDWOHDVWLQ,QGLDQFRQWH[WLVDQRYHOW\(\HJD]HWUDFNLQJV\VWHPVDUHSUHWW\LQWXLWLYHWRRSHUDWHDQG









7KLV UHVHDUFK LV SDUW RI WKH ,8$7& ZZZLXDWFFRP FRQVRUWLXP ZKLFK LV GHYHORSLQJ QH[W JHQHUDWLRQ ZLUHOHVV
QHWZRUNDQGDVVRFLDWHGDSSOLFDWLRQVIRU%ULWLVKDQG,QGLDQUXUDOSRSXODWLRQ7KHFRQVRUWLXPLVGHYHORSLQJDUDQJHRI
DSSOLFDWLRQV IRU IDUPHUV UXUDO KHDOWK FHQWUHV VFKRROV XQLYHUVLWLHV DQG VR RQ2QH ELJJHVW FKDOOHQJH RI DOO WKHVH
DSSOLFDWLRQV LV WR WDFNOH WKH KXJH GLYHUVLW\ RI SRSXODWLRQ LQ ERWK ,QGLD DQG 8.  2XU UHVHDUFK FRQFHUQV DERXW
SHUVRQDOL]LQJXVHULQWHUIDFHVDQGXVHULQWHUDFWLRQ:HFRQGXFWHGH[WHQVLYHVXUYH\LQ,QGLDDQG(XURSHDQGLGHQWLILHG
NH\GLIIHUHQFHV LQKXPDQ IDFWRUVDQGUHTXLUHPHQWV IURP+&,SRLQWVRIYLHZV>@2XUVWXG\ IRXQG WKDW WKHUH LVD
VLJQLILFDQWGLIIHUHQFHLQHGXFDWLRQOHYHOVDQGFRJQLWLYHDELOLWLHVLQWHUPVRIVFRUHVLQFRJQLWLYHWHVWVEHWZHHQ,QGLDQ
DQG (8 HOGHUO\ SRSXODWLRQ ZKLFK SURPSWHG XV WR GHYHORSPRUH LQWXLWLYH DQG LQWHOOLJHQW WHFKQRORJLHV IRU ,QGLDQ


















VKRSSLQJ EDQNLQJ WUDYHOOLQJ DQG VR RQ ILJXUH  (DFK LQWHUIDFH WULHV WR UHGXFH LQIRUPDWLRQ RYHUORDG E\ RQO\
SURYLGLQJPLQLPXPUHTXLUHGGHWDLOV8VHUVGRQRWQHHGWRSUHFLVHO\SRLQWRQWDUJHWWKHWDUJHWSUHGLFWLRQWHFKQRORJ\
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7KHLQWHUIDFHVZHUHHYDOXDWHGXVLQJWKH,QFOXVLYH8VHU0RGHORI&DPEULGJH8QLYHUVLW\WRPDNHVXUHLWLVDFFHVVLEOH














 7KHVHFRQG WULDOSUHVHQWVD ORQJLWXGLQDOVWXG\ WR LQYHVWLJDWH WKHHIIHFWRI OHDUQLQJRQH\HJD]H WUDFNLQJEDVHG
LQWHUDFWLRQ







































$OO HLJKW XVHUV FRXOG XQGHUWDNH WKH WULDO DQG FRPSOHWHG WKH WDVN7KH EXWWRQ VHOHFWLRQ WLPHZDVPHDVXUHG DV WKH
GLIIHUHQFHLQWLPHEHWZHHQWZREXWWRQVHOHFWLRQVRUWKHWLPHGLIIHUHQFHEHWZHHQVHOHFWLRQRIDFRPERER[DQGQH[W












































































































7ZRXVHUVXVHG WKHH\HJD]H WUDFNHU IRU WKUHHFRQVHFXWLYHGD\VXQGHUWDNLQJ VHVVLRQV:H LQYHVWLJDWHGKRZ WKH
SRLQWLQJDQGVHOHFWLRQWLPHVLPSURYHGZLWKWUDLQLQJ
3DUWLFLSDQWV




















7KHUHZDVDOVRDVLJQLILFDQW LQWHUDFWLRQHIIHFWEHWZHHQ86(5DQG6(66,21) SȘð 
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7KHSDLUZLVHFRPSDULVRQGLGQRWILQGDQ\RWKHUVLJQLILFDQWHIIHFWDWS
:HDOVRLQYHVWLJDWHGWKHZLWKLQVXEMHFWFRQWUDVWVDQGIRXQGDVLJQLILFDQWHIIHFWRIOLQHDU) S

















































:HKDYHDQDO\]HG WKH OHDUQLQJHIIHFWVGXULQJHDFK LQGLYLGXDOVHVVLRQILJXUHVDQG'XULQJ ILUVW VHVVLRQERWK
SDUWLFLSDQWV JHQHUDWHG D 8VKDSHG OHDUQLQJ FXUYH LQGLFDWLQJ WKHLU VHOHFWLRQ WLPH LQLWLDOO\ GHFUHDVHV DIWHU
DSSUR[LPDWHO\  VHFV DQG WKHQ LQFUHDVHV DJDLQ SHUKDSV GXH WR IDWLJXH )RU VHVVLRQ  3DUWLFLSDQW ¶V OHDUQLQJ
FXUYHVKRZVWKLVHIIHFWPRUHSURPLQHQWO\WKDQ3DUWLFLSDQW+RZHYHUWKHOHDUQLQJFXUYHVWXUQVDOPRVWKRUL]RQWDO










































































7KLV VWXG\ GHPRQVWUDWHV WKDW ZLWK D VLPSOH DQG HDV\WRXVH LQWHUIDFH XVHUV FDQ SRLQW DQG VHOHFW XVLQJ H\HJD]H
WUDFNHUZLWKLQVHFV$OWKRXJK3HQNDUDQGFROOHDJXHV>@UHSRUWHGDSRLQWLQJDQGVHOHFWLRQWLPHRIVHFVEXW
RXU WDVN ZDV GLIIHUHQW WKDQ WKHP 3HQNDU







2XU VWXG\ DOVR GHPRQVWUDWHG WKDW HYHQ ILUVW WLPH XVHUV FDQ OHDUQ WR XVH H\HJD]H WUDFNLQJ DIWHU JRLQJ WKURXJK
WUDLQLQJ7KHVLJQLILFDQWHIIHFWRITXDGUDWLFFRQWUDVWDOVRVXSSRUWVWKHH[LVWHQFHRIDOHDUQLQJSDWWHUQ7KHSDLUZLVH
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FRPSDULVRQVKRZVXVHUVDWWDLQHGRSWLPXPVSHHGDIWHUDSSUR[LPDWHO\ WZRVHVVLRQV7KH LQGLYLGXDODQDO\VLVVKRZV
WKDWWKHWUDLQLQJGXUDWLRQGLIIHUVEHWZHHQWZRSDUWLFLSDQWV±WKHHOGHUSDUWLFLSDQWWRRNPLQXWHVVHVVLRQVEHIRUH











XVHU IULHQGO\ LQWHUIDFH DQG LQWHOOLJHQW H\HJD]H WUDFNLQJ V\VWHP XVHUV FDQ QRW RQO\ RXWSHUIRUP WKH FRQYHQWLRQDO












 *XSWD $ DQG %DOUDP 1 2EMHFWLYH &RPSDULVLRQV EHWZHHQ *HVWXUH %DVHG ([SORUDWLRQ %DVHG 7RXFKVFUHHQ 7H[W 7\SLQJ .H\ERDUGV
3URFHHGLQJVRIWK$VLD3DFLILF&RQIHUHQFHRQ&RPSXWHU+XPDQ,QWHUDFWLRQ
 +LOO 5 / HW DO 2OGHU ZHE XVHUV
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